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3INTRODUCTION
Oxalyl Chloride and Oxalyl Bromide as Reagents in Organic
Chemistry
The investigations with oxalyl chloride and oxalyl bromide were
undertaken to compare these reagents with other organic reagents used
for chlorinating, brominating, and dehydrating, such as the chlorides
age over the common reagents used, both in the purity of the product
desired and also in the yields obtained.
Several different reactions with these reagents were studied.
First, the preparation of aliphatic and aromatic acid chlorides and
bromides, according to the following reaction
.
R - C00H,-b COX —> R - COX + HX 00 s ~{- CO
COX
Second, the action of oxalyl chloride as a reagent for the Beckmann
Rearrangement. T^ird, the preparation of aliphatic acid anhydrides,
according to the following 'equation, just as the aromatic acid anhy-
drides may be made.,
*
2R - COOH-f" COCl > (RCO) sO-f 3ECl4- CO +- C0 2
COCl
and also the study of the reaction with oxalyl bromide to determine
if the reaction takes place with it. Fourth, the action of oxalyl
chloride on Inorganic oxides was studied, to see if it could be used
to form Inorganic acid chlorides, just as it would the organic acid
chlorides
.
and bromides of phosphorus. These reagents have a decided advant

4THEORETICAL PART

5I
The Action Of Oxalyl Chloride As A Reagent For The Beckman
Rearrangement
In the course of the investigation, the action of oxalyl chlor-
ide, benzoyl chloride, phosphorus pentachloride and "benzene sul-
fonyl chloride was tried on,
x
benzo phenone, the ease of the Beckmann
Rearrangement being studied.
The reaction with oxalyl chloride runs very smoothly, in fact
almost quantitatively and yields a pure product. Moreover, the
oxalyl chloride is volatile and a slight excess is easily removed,
without pouring into water, as is necessary when the common reagents
are used.
The recent work seems to substantiate the work of Beckman.
Beckman assumed (Ber. 27, 300, 1894)
1 that there was a direct ex-
change of the hydroxyl group and the group R, in such oximes as
R - C - R*
[I
N - OH
i
In these oximes the R and hydroxyl group exchange positions under
the influence of any one of a variety of reagents, such as phosphor-
us pentachloride. He assumes that such a direct exchange takes
place without the formation of any intermediate products. He com-
pares the exchange to a similar exchange of ions between molecules,
although actual ionization of the oximes has ne -ver been measured.
Beckmann, himself, assigned to his reagents a "catalytic function.
ilore modern views give that there i s an intimate relation be-
tween the chemical nature of the rearranging compounds and of the
reagents used, and that the rearrangement is a chemical one.
Hantzsch (Ber. 24, 35, 1916) 2assumes that the ketoximes form

with phosphorus pentachloride, chloroimides, which rearrange accord-
ing to the following equation
R - C - r'_|_pci 5 - ^P0C1 3 + R - j - R*
N - OH N - CI
^
R - C - Cl-f-POCl 3
sR
Stieglitz and Peterson (J. Am. Chem, Soc.
_36, 1914) 3 disproved
the theory of Hantszch by using chloro iraido ketones, prepared from
imido ketones and hypochlorous acid. These investigators found
that they did not rearrange, in spite of the presence of the unstabl<
positive chlorine atom.
According to Stieglitz (Proceedings of the Nat. Acad, of Sci.
I, 303, 1915) the probable path for the rearrangement in most cases
is through the intermediate formation of univalent N derivatives
of the types R-CO-N or RgSC-N
,
according to the equation
(C 6H 5 ) 3 s C - NHC1 > (C 6H 5 ) 3 s C - N
> (C 6H 5 ) a - CSN - (C 6H5 )
He bases his theory on the products formed by the rearrangement of
hydroxylamine derivatives, such as (C 6H 5 ) 3sC-HN - OH and azides as
(C 6H 5 ) 3 sC - . The former splitting out water and the latter a
molecule of nitrogen. In each case the unsatisfied valences of th<
N have the power of uniting with one of the substituted groups,
causing a subsequent shifting of the bonds,
(C 6H 5 ) 2 = tC - N >(C 6H e ) 2 = C—N - C 6H 5
C 6H 5
The mechanism according to Eeckmann and recent investigators,
such as Sluiter (C 05, ii, 1178) 5takes place in three stages

7R* -U HX-->R - C - rVh 2 (HX = acid)
OH ft - X
R*
^ R - C - X
X rl - R
X.+ H sO > R - C =,0 4-HX
R NHR
The first stage takes place rapidly, the second very slowly,
while the third stage takes place almost immediately. The reaction
is mono molecular, and its velocity depends on the temperature and
concentration of the reagent, when the ordinary reagents are used.
VJhen oxalyl chloride is used, temperatures did not seem to have
such a marked effect, as with the common reagents. Almost identi-
cal yields are obtained, either if the reaction is run at 0° or at
60°
. The concentration of oxalyl chloride effects the yield,
corresponding increased amounts of anilides are formed when the re-
agent is increased to 3/4 mols. A further increase of the reagent
does not give an increase in the anilides. Oxalyl chloride gives
better yields and purer products for the Beckmann Rearrangements
than the common reagents used.
II
Action of Oxalyl Chloride on Inorganic Oxides to Form
Inorganic Chlorides
Inorganic oxides, such as chromic anhydride, selenium dioxide
and arsenic trioxide, can be converted into Inorganic chlorides, on
treating with oxalyl chloride. The reagent acts as a chlorinator,
and carbon monoxide and oarbon dioxide gases are evolved.
The dry oxide is put in a flask, with a ground glass connect-
ion, fitted to a condenser. The theoretical amount of oxalyl chlor-
(1) R "
V.
(3) R -
(3) R -

8ide is added slowly toy means of a dropping funnel attached to the
top of the condenser. After all the oxalyl chloride has been added
the reacting mixture is refluxed for six hours. The oxide grad-
ually goes into solution, and the Inorganic chloride may be purified
by distillation, if it is a liquid.
The Inorganic chlorides are very unstable and decompose in the
air readily. One of the common ways to prepare Inorganic chlorides
is to pass dry chlorine over the metal, or oxy chloride of the metal.
The apparatus used is complicated, a large amount of chlorine is lost
and the by-products of oxy chloride are hard to remove by fractional
distillation. With oxalyl chloride, the apparatus is simple, the
reaction goes to completion in a shorter time, and most of the by-
products are gaseous.
Again, when using sulphur monochloride to chlorinate, the react-
ion involves heating the oxides in sealed tubes to high temperatures,
sulphur and sulphur dioxide gas being by-products. The sulphur,
especially, is difficult to remove.
When the oxide is chlorinated with phosphorus pentachlori de,
phosphorus oxy chloride is formed, which is often very difficult to
separate from the desired product. No snch liquid by-product is
obtained with oxalyl chloride.
Chromyl chloride, again, is prepared by distilling a fused mix-
ture of ten parts of salt and 12 parts of potassium dichromate, to-
gether with thirty parts of concentrated sulphuric acid, and in order
to remove free chlorine, repeatedly rectifying the distillate in a ^
current of dry carbon dioxide. The apparatus is complicated, and
the product often is contaminated by free chlorine. By using oxalyl
chloride

9the product is pure, and the apparatus is simple.
Thus, oxalyl chloride can be used with advantage to prepare In-
organic chlorides, for the manipulations are simple, the yields are
from 50 to 60 per cent, of theory, and the products formed are pure.
Ill
The Action of Oxalyl Chloride on Aliphatic Acids to Form
Aliphatic Acid Anhydrides
By following the methods of Adams and Wirth (Jour. Am. Chem.
Soc, XL, 2, Feb. 1916)6 for preparing aromatic acid anhydrides, it
was found that aliphatic acid anhydrides can be made in an analogous
manner
•
In the aliphatic series the anhydrides are unstable to aqueous
solvents, si-nee the unreacted acid and also acid chloride formed can
not be separated by treatment with sodium carbonate, as can be done
in the aromatic series. It is necessary to purify the aliphatic
acid anhydride by fractional distillation. The mixture of acid, aciu
ohloride and acid anhydride is difficult to separate by means of an
ordinary distilling flask. However, they can be effectually sep-
arated by means of a special flask. This special flask is made with
a long neck and indentured to serve as a fractionating column.
The interesting fact was discovered that either the acid anhy-
dride or the acid chloride may be formed with from 60 to 80$ yields,
depending on whether the acid or the oxalyl chloride is in excess.
If the reagent is in excess and the acid is added slowly, a 60 to 80
per cent, yield of the acid chloride is obtained, while if the acid
is in excess and the oxalyl chloride added slowly, a corresponding
yield of the acid anhydride is obtained.
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The general method of preparation of the aliphatic acid anhy-
drides is to place two mols of the dry acid in a flask, with a ground
glass connection fitted to a condenser, and aiding one mol of oxalyl
chloride slowly from a separatory funnel onto the acid. It i3 not
necessary to use a solvent, which is done in the aromatic series*
After each addition of the oxalyl chloride, there is a vigorous re-
action, carbon dioxide and hydrochloric acid gases being evolved*
When the reagent has been added, the reacting mixture is refluxed
for two hours, with a low free flame, at the end of which time the
reaction is, in most cases, complete. The anhydride may then be
separated by distillation in the special flask.
The advantages of oxalyl chloride in this experiment are appar-
ent. The chief one is that the by-products, if not gaseous, are
easily removed.
When U3ing the chlorides of phosphorus, phosphorus oxy chloride
is formed, which is difficult to remove. This is especially true of
the aliphatic series, as most of the anhydrides are volatile liquids.
Again, sulphur monochloride, used for such a purpose, gives sulphur
as a by-product, which is exceedingly difficult to remove.
The mechanism of the reaction is
3R - COOH
-f- (C0Cl) s > (R -CO) 2 -|- CO -f CO s -(— 3HC1
where R is an aliphatic nucleus.
IV
The Action of Oxalyl Chloride on Aliphatic Acids to Form
the Acid Chlorides
It has already been mentioned that to prepare the acid halides,
it is necessary to have the reagent in excess and add the acid slowly
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Accordingly, the method used is to put 1-1/4 mols of oxalyl chloride
in the flask without a solvent. The acid is slowly added from a
separatory funnel, attached to the condenser. After all the acid
has been added, the reaction mixture is refluxed for two hours, and
then the acid chloride is separated by fractional distillation in the
special flask.
By this method 60-70$ yields of acetyl propionyl and butyric
chlorides are obtained, and in no case is enough of the anhydride
obtained to distill. In this respect oxalyl chloride has a decided
advantage over phosphorus pentachloride, as considerable amounts of
the acid anhydride are formed when using this reagent, and thus de-
crease the yields of the acid chloride.
The mechanism of the reaction is
R - COOH-f- (COCl)a > R - C0C1
-f- CO 4- COg-^HCl
V
The Action of Oxalyl Chloride on the Sodium Salts of Aro-
matic Acids to form the Acid Chlorides.
To prepare aromatic acid chlorides with oxalyl chloride, the
reagent must be in excess, to obtain the best yields. Practically
no acid anhydride is formed in this synthesis, as is often encounter-
ed when using the sodium salt of the acid and phosphorus pentachlor-
ide. The reaction goes almost quantitatively and a pure product may
be obtained by distillation, when the acid chloride is a liquid, and
by recrystallization when a solid.
The general method of preparation is to place 1-1/4 mole of
oxalyl chloride and 20-30 cc. of benzene for a solvent into a flask
with a ground glass connection fitted to a condenser. One mol.of
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the dry sodium salt of the aromatic acid is then added, through a
side arm of the flask. After each addition of the sodium salt there
is a vigorous reaction, carbon dioxide gas being evolved, and sodium
chloride forms on the side of the flask* After all the sodium salt
has been added, the reaction mixture is refluxed on a water bath for
two hours. At the end of this time the reaction is complete, the
salt and a small amount of the unchanged sodium salt is then filter-
ed off by suction. When the acid chloride is a liquid the filtrate
is put in on ordinary distilling bulb, and the benzene distilled off.
Finally the acid chloride is purified by distillation under ordinary
pressure. When the acid chloride is a solid, the benzene is evapor-
ated off by means of a sand bath and free flame, and the residue,
which is practically all acid chloride, purified by recrystallizat-
ion from carbon tetrachloride.
The aromatic acid chlorides are stable compounds, having a
sharp odor, and those which are liq\iid can be distilled under ordin-
ary pressure without decomposition. The solid acid chlorides,
which are non-volatile, can be purified by recrystallization from
carbon tetrachloride.
The aromatic acid chlorides are very insoluble in ligroin and
petroleum ether, and on the other hand too soluble in benzene and
chloroform to be recrystallized from thea.
Oxalyl chloride has advantages over the common chlorinating
agents used to prepare aromatic acid chlorides. In the first place,
most of the by-products are gaseous and thus are removed from the
reaction mixture. There is not an oxy chloride formed with oxalyl
^chloride, as is the case when phosphorus pentachloride is used.
The phosphorus oxy chloride formed is a liquid, and often difficult
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to separate. Again, with the latter reagent an appreciable amount
of the anhydride of the acid is formed. When using oxalyl chloride
practically no anhydride is formed, if the reagent is in excess and
the acid added slowly.
When using phosphorus trichloride, a by-product is phosphorous
aoii, which chars on distilling and is therefore difficult to remove.
It is necessary to distill the acid chloride off under diminished
pressure to remove the phosphorous acid, and then redistilled to
purify
.
The mechanism of the reaction is
R - C00Na4- (COCl) a >R - C0C1 4- CO + C0 2-f NaCl
where R is an aromatic nucleus.
VI
The Action of Oxalyl Bromide on Aromatic Acid to Form
Aromatic Acid Anhydrides
Aromatic acid anhydrides have been made with 70-60fo yields by
Adams and Wirth (Jour. Am. Chem. Soc, XL, 2, 1915) J using 3 mols of
the acid and oxalyl chloride. It was found that by using their
directions, similar yields of the anhydrides could be obtained and
the products formed were pure, with oxalyl bromide.
Oxalyl Bromide has advantages similar to oxalyl chloride over
the common reagents used to prepare aromatic acid anhydrides. In
the first place, most of the by-products of the reaction are gaseous.
Carbon dioxide and hydrobromic acid gases are evolved. When using
such common reagents as phosphorus oxy chloride, sulfur monochlor-
ide and phosphoius pentachloride, a considerable amount of the acid
chloride is formed. The acid chloride thus formed is difficult to
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remove, and also lowers the yield of the anhydride.
Phosphorous acid, phosphorus oxy chloride and sulphur, as
stated above, are difficult to remove, which must be done before a
pure product is obtained. Again these reagents have the objection,
that they attack many groups in the benzene nucleus and thus limit
the reaction.
The general method used by Adams and Wirth (loc. cit.) to pre-
pare the anhydrides i3 as follows: Two mols of the free acid in
20 cc. of benzene as a solvent is rlaced in a flask with a ground
glass connection fitted to a condenser. One mol of oxalyl bromide
is then slowly added from a separator? funnel. After each addition
of the reagent there is a vigorous reaction, carbon dioxide and
hydrobromic acid gases are evolved. After the reagent has been add-
ed, continue refluxing for two hours to insure complete reaction.
The benzene is then evaporated off, and the solid residue washed witl
sodium carbonate to remove any small amount of unchanged acid. The
anhydride remaining may be purified by recrystall ization.
The equation for the reaction is
2R - COOK 4- (C0Er) 2 >(R - C0) 2 +- 2HBr-f- CO -j- C0 S
where R is an aromatic nucleus.
VII
The Action of Oxalyl Bromide on Aliphatic Acids to form
the Acid Bromides
It has been pointed out that oxalyl bromide acts in many res-
pects in a manner analogous to oxalyl chloride. Accordingly, this
reagent can be used to prepare acid bromides, just as oxalyl chlor-
ide may be used to prepare acid chlorides. The yields are just as
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good and the product obtained lust as pure, as with oxalyl chloride.
The aliphatic acid bromides may be prepared in a manner similar
to that of the acid chlorides. When the reagent is in excess and
one mol of the free acid added slowly, from 50-75% yields of the
acid bromides are obtained, without the formation of an appreciable
amount of anhydride.
The general method for preparing aliphatic acid bromides is as
follows: One mol of oxalyl bromide is put into a flask with a
ground glass connnection fitted to a condenser. It is not necessary
to use a solvent . One mol of the free acid is then dropped slowly
from a separatory funnel onto the oxalyl bromide. A vigorous re-
action follows, with an evolution of gases. After all the acid has
been added, the reaction mixture is refluxed with a low free flame,
until the evolution of hydrobromic acid ceases. Then the mixture
of acid bromide and a small amount of unchanged acid and anhydride
is separated by means of the special flask.
The advantages of oxalyl bromide as a brominating agent over the
common reagents used in the aliphatic series, such as the bromides
of phosphorus
,
are similar in every detail that has been mentioned
for oxalyl chloride as a chlorinating agent. The by-products are
in most cases gases, and fewer in number, with a purer product f than
is obtained with the common brominating agents.
The equation for the reaction is
R - COOH
-f- (C0Br) 2: - COBr H— CO -|— C0 2 +- HBr
where R is an aliphatic nucleus.
VIII
The Action of Oxalyl Bromide on the Sodium Salts of Aro-
matic acids to form Aromatic Acid Bromides
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As only one aromatic acid bromide, namely, benzoyl bromide, has
been made, it was sought to prepare aromatic acid bromides with ox-
alyl bromide, in a manner analogous to aromatio acid chlorides with
oxalyl chloride. It was found that the acid bromides could be pre-
pared just as readily as the acid chlorides and with almost quanti-
tative yields.
If a nitro group is substituted in the met a or para position in
the benzene nucleus, together with an Iodo group para, the acid
bromides are solids* When chlorine or bromine is substituted they
are liquids.
The aromatic acid bromides are not as stable as the correspond-
ing acid chlorides. They fume badly and al30 hydrolize readily in
the air. In this connection, when purifying the liquid acid brom-
ides by distillation, it is necessary to use diminished pressure, as
they are so unstable that decomposition usually occurs when attempt-
ing to distill under ordinary pressure. The solid acid bromides
recrystallize readily from carbon tetrachloride, and both solid and
liquid acid bromides are very soluble in benzene.
The method of preparation is a simple one and good yields are
invariably obtained. It is as follows: In order to have the re-
agent in excess, one mol of oxalyl bromide, with 20-30 cc. of benzen?
as a solvent, is put into a flask, with a ground glass connection
fitted to a condenser. The sodium salt of the acid is made and
added slowly, through a side arm in the flask onto the reagent, stop-
pering after each addition.
Upon adding the salt, there is a vigorous reaction in the cold
-and gases are evolved. After all the salt ha3 been added, the re-
action mixture is refluxed on a water bath for two hours. At the
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end of this time the reaction is complete and the sodium bromide and
a small amount of unchanged acid is filtered off by suction. The
filtrate consists of benzene and practically pure acid bromide in
solution. In order to recover and purify the bromide, the benzene
is distilled off and finally the product, under diminished pressure,
is distilled off, if it is a liquid. The solid acid bromides are
purified by evaporating off the benzene and recrystallizing from
carbon t e t rachl b ride
.
The reaction may be represented by the following equation
R - COONa-f- (COBr) g - COBr -j— CO + 00 s-\- NaBr
where R is an aromatic nucleus.
One of the methods used to prepare aliphatic acid bromides, is
to treat the acid with red phosphorus and dry bromine. This method
although comparatively successful in the aliphatic series, has proved
to be unsuccessful for the preparation of aromatic acid bromides.
Phosphorus tribromide is used to prepare benzoyl bromide, and
yet all efforts to prepare the substituted acid bromide with this
reagent and the free acid have met with failure. Phosphorus penta-
bromide, another possible reagent, cannot even be used to prepare
benzoyl bromide from the free acid, a3 it is impossible to isolate
it from the acids of phosphorus which are formed by distillation.
With oxalyl bromide the by-products are either gaseous, or else
are able to be filtered off entirely, and thus a pure produot is
obtained.
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EXPERIMENTAL
PREPARATION OF OXALYL CHLORIDE
(COCl> s was prepared according to the method of Staudinger
5
using dry (COOH> 8 and PC1 5 . The (C00H> 2 must be dry or the yield
of (C0C1> 2 is cut down to a minimum. The acid may he dried in an
oven at 110° for 6-8 hours, having the acid spread out on a clay
plate. During the drying the aoid tends to cake and so must be
broken up in a mortar from time to time.
The (C0C1> 2 is separated from P0C1 3 by distilling with a frac-
tionating column. Collect the distillate up to 100° first. Then
re-disetill to separate the (C0C1> 8 . The fraction that boils from
S3°-S3° is pure (C0C1> 2 .
The mechanism of the reaction is,
(C00H) 2 - 3 PC1 5 — > (C0C1> 8 + 3 P0C1 3 ± 3HC1
.
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I
The Action of Oxalyl Chloride as a Reagent for the
Beokmann Rearrangement
Benzanilide C QH5 - C =0
NHC 8H 5
Benzophenone oxime was prepared in the usual manner, by treat
ing the ketone with hydroxyl amine hydrochloride. Two grams
(1 mol> of the ketoxime was put in a flask, fitted by a ground
glass connection to a condenser. The ketoxime was dissolved in
30-30 cc. of absolute ether and the material kept at 50° on a H 2
bath. Three-fourths mols of oxalyl chloride was slowly added thru
a separatory funnel, and the reaction continued for 10 minutes.
At the end of that time, two-thirds of the ether was evapora-
ted off and the solid analide filtered off, recrystallized from al
cohol and weighed. One and eight-tenths grams of Benzanilide was
obtained, which is a yield of 90 per cent of theory. The m.p. was
158°-160°. In the literature it was given as 130°-161°
.
In a similar experiment, two grams of benzo-phenone oxime was
treated with three grams of powdered phosphorus penta-chloride
.
On pouring into water, the anilide separated out. One and seven-
tenths grams was obtained, which on recrystallization melted at
157°-158°. The yield was 85 per cent of theoretical, and not as
good or as pure as in the case of oxalyl chloride.
The same experiment was run with Benzene Sulfonyl chloride.
Two grams of the oxime was used and 1.3 grams of the anilide ob-
tained. The yield was 70 per cent of theory, and the m.p. was
147°-1*8°
. The yield was not as good nor the product as pure as
with oxalyl chloride.
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Similarly Benzoyl chloride was used, and the following ob-
tained. Two grams of the oxime and one gram of benzoyl chloride
gave 1.7 grams of the anilide. This yield was 85 per cent of theo-
ry and the m.p. was 157°-158°.
Acetanilide CH 3 - =0
NHC 6H B
Acetanilide was made in a manner analagous, in all details as
benzanilide two grams of aceto-phenone oxime was treated with 1.5
grams of oxalyl chloride. The anilide separated out from the ether
solution and was recrystallized from alcohol. The yield was 1.8
grams or 90 per cent of theoretical, m.p. 115°-11S°, the same as
given in the literature.
Anisanilide CH 3 - - C SH 4 - C =0
NHCqHb
Anisanilide was made similarly. On addition of the oxalyl
chloride the anilide separated out, and after 10 minutes was fil-
tered off and recrystallized from alcohol. Two grams of the ke-
toxime and 0.9 grams of oxalyl chloride was used. One and seven-
tenths grams of the analide was obtained, m.p. 137°-1S8° . This
corresponded to an 85 per cent yield. The m.p. given in the lit-
erature is 1S8°-169°.
Toluic Anilide CH 3 - C 6H 4 - C =0
ITHC 6H S
Similarly toluic anilide was made by using two grams of
phenyl tolyl ketoxime and one gram of oxalyl chloride. The anilide
separated out at each addition of the reagent showing that the re-
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arrangement was rapid. One and six-tenths grams of toluic anilide
was obtained, making the yield 80 per cent of theory. After being
recry8taJLlized the product melted at 139°-141° . It is given in the
literature as 140°-141°
.
II
The Action of Oxalyl Chloride on Inorganic Oxides to
Form Inorganic Chlorides
Arsenic Trichloride As Cl 3
Ten grams of dry arsenic trioxide was put in a flask, ground
to a condenser, and 19.3 grams of oxalyl chloride added slowly from
a dropping funnel. The reaction mixture was then refluxed gently
for five hours. During that time the oxide gradually went into so-
lution. On distillation a colorless liquid came over at 123°-130°,
which was arsenic trichloride. Eight and five-tenths grams of the
chloride was obtained which was a 46. 5 per cent yield. The litera-
ture gives the b.p. as 130.2°.
Chromyl Chloride Cr0 2 Cl a
When 20 grams of oxalyl chloride was added to 15 grams of dry
chromium trioxide, there was an immediate evolution of gases, and
the oxide gradually went into solution forming a brilliant red liq-
uid. After the mixture had been refluxed for five hours, practi-
cally all the oxide went into solution. The liquid was transferred
to a distilling flask and the chromyl chloride separated by distil-
o
lation. Ten and seven-tenths grams was obtained b.p. 116, and the
yield was 48 per cent of theory. In the literature the b.p. is giv-
en as 115 .9°
.
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III
The Action of Oxalyl Chloride on Aliphatic Acids
to Form Aliphatic Acid Anhydrides
Acetic Anhydride (CHgCOUO
It was discovered, as printed out above, that aliphatic acid
anhydrides could he made with *0-S0 per cent yields if the free
acid was in excess and the oxalyl chloride slowly added.
Accordingly acetic anhydride was prepared by putting 20 grams
(2 mols> of dry glacial acetic acid in a flask, with a ground glass
connection, fitted to a condenser and then dropping 20 grams (1 mol>
of oxalyl chloride onto the acid. The water was removed from the
acid by freezing it in a freezing mixture until there was just a
little liquid left in the center. This liquid, which contains all
of the water, was poured off, and the remaining acid allowed to
liquify again at room temperature.
During the addition of oxalyl chloride the acid was gently
refluxed, until all the reagent had been added and then continued
until the evolution of HOI gas ceased. Then the mixture of acid
anhydride and acid chloride was separated by distillation in the
special flask. The yield obtained was 8 grams of the anhydride,
or 47 per cent of theory, b.p. 136°-140° at 750 m.m. It is given
in the literature as 137°-140° . Five grams of the acid chloride
was also recovered b.p. 50°-51°, together with three grams of the
unchanged acid.
Propionic Anhydride (CHgCHsCO^O
In a similar manner propionic anhydride was made by using 20
grams of dry propionic acid, (obtained by freezing out> and 17.5
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grams of oxalyl chloride. Nine grams of the anhydride was obtained,
b.p. 167°-170° at 740 m.m. The yield was 51 per cent of theory,
boiling point in the literature is given as 168°. A small amount
of acid chloride and free acid was recovered in this case also.
Butyric Anhydride (CH 3 CH 2CH s C0> 2
The butyric acid used in this experiment was Kahlbaum anhydrous
product,. The method of preparation was similar to the foregoing
anhydrides. Twenty grams of the acid, and 23 grams of oxalyl chlo-
rides was used. On refluxing the liquid turned dark and a consid-
erable amount of tar formed, the odor of butyric acid disappeared,
and was supplanted by the ester-like odor of butyric anhydride.
Ten grams of the anhydride was obtained b.p. 191°-1S4° at 750 m.m.
In the literature the b.p. is given 191°-1S3° . ^he yield was 38
per cent of theory.
IV
The Action of Oxalyl Chloride on Aliphatic Acids
to Form the Acid Chlorides
Propionyl Chloride CH 3CH2 C0C1
The acid chloride was made by having 1 mol of the reagent in
excess and slowly dropping 1 mol of the free acid onto it, 265
grains of oxalyl chloride was put in a flask, with a ground glass
connection fitted to a condenser. Twenty grams of dry propionic
acid was dropped slowly onto the reagent from a separatory funnel.
The reaction was vigorous and gases were evolved. The mixture was
refluxed gently until the evolution of HCl gas ceased. The acid
chloride was then separated by distillation in the special distil-
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ling flask, already described. There was no anhydride formed, and
only a small amount of free acid recovered. Ten grams of the acid
chloride was obtained, b.p. 79°-80° at 750 m.m. In the literature
it is given as 80°. The yield was 53 per cent of theory.
Butyryl chloride CH 3CH2CH2C0C1
Butyryl chloride was prepared according to the method cited
above, by using 38 grams of oxalyl chloride and 20 grams of pure
butyric acid. In this experiment the resulting liquid had the odor
peculiar to all acid chlorides, while the ester odor of butyric
anhydride was entirely absent. In fact no anhydride was recovered
which showed the effects of merely having the reagent or else the
acid in excess, to form either the acid chloride or the anhydride.
Fifteen grams of the acid chloride was obtained, b
.p . 99°-101° at
750 m.m. In the literature it is given 100°-101.5°. The yield was
63 per cent of theory.
V
The Action of Oxalyl Chloride on the Sodium Salts
of Aromatic Acids to Form the Acid Chlorides
Phenyl Acetyl Chloride CeH 5 CH sC0Cl
In this experiment the sodium salt of the acid was used in-
stead of the free acid, and this applied in general to the aromatic
series. The unchanged acid can then be easily removed by filtration
20-30 cc. of benzene was used as a solvent for the acid chloride as
formed and also acted as a suspension for the sodium salt,
Eight and one-tenth grams of oxalyl chloride in 20-30 cc. of
benzene was put in a flask with a ground glass connection fitted to
a condenser, and 10 grams of the dry sodium salt of the acid added
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thru a side arm of the flask. At each addition there was a vigo-
rous reaction, and gases were evolved. After all the sodium salt
had been added, the reaction mixture was refluxed on a H 2 bath
for two hours. The NaCl and unchanged sodium salt of the acid was
then filtered off by suction and the filtrate distilled to remove
the benzene and finally the aeid chloride. Seven grams of acid
chloride was obtained, b.p. 125°-130° at 40 m.m. In the literature
it is given as 100.5 at 17 m.m. The yield was 71 per cent of theory
Cinnamyl Chloride C SH 5 CH = CHC0C1
Cinnamyl chloride was made similarly by using 10 grams of
oxalyl chloride and 10 grams of the sodium salt of the acid with
20-30 cc . of benzene as a solvent. As the mixture was refluxed, it
gradually turned yellow, as the acid chloride, itself is a beauti-
ful yellow crystalline compound. Six grams of the acid chloride
was obtained, m.p. 35°-33°, from carbon tetra-chloride . The m.p.
given in the literature is 35°-36° . The yield was 63 per cent of
theory
.
Benzoyl Chloride. C SH 5 C0C1
Similarly benzoyl chloride was made by using 19 grams of oxalyl
chloride and 20 grams of the dry sodium salt of the acid, with
20-30 cc. of benzene as a solvent. Nineteen grams of the acid chlo-
ride was obtained, b.p. 198° at 755 m.m. In the literature it is
given as 198°-198.3° at 749 m.m. The yield was 97 per cent of
theory
O.-Chlor Benzoyl Chloride CI - C 6H4-C0C1
O.-Chlor: Benzoyl Chloride was perpared in a similar manner
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by using 23 grams of oxalyl chloride and 20 grams of the dry sodium
salt of the acid, with 20-30 cc . of benzene as a solvent. One and
five-tenths grams of the acid chloride was obtained, m.p. 135°-135°.
In the literature it is given 137°. The yield was 76 per cent of
theory.
p-chlor - Benzoyl Chloride CI - C SH 4-C0C1
Similarly p- chlor benzoyl chloride was prepared by using
10 grams of oxalyl chloride and 10 grams of the dry sodium salt,
with 20-30 cc. of benzene for the solvent. Seven grams of the acid
chloride was obtained, b.p. 224°-225° at 73S m.m. On cooling the
product with ice it solidified to a while crystalline solid> m.p.
13°. The literature gives the b.p. as 220°-222° and the m.p. 16°.
The yield was 71 per cent of theory.
0. Brom Benzoyl chloride Br - C SH4 - C0C1
0. Brom benzoyl chloride was made as the other acid chloride
by using 15 grams of oxalyl chloride and 10 grams of the dry sodium
salt, with 20-30 cc. of benzene as a solvent. Seven grams of the
acid chloride was obtained, b.p. 242°-245° at 739 m.m. On being
cooled with ice water the liquid solidified to a white crystalline
mass, m.p. 11°. The literature gives the b.p. as 24l°-2*3° and the
m.p. as 11°. The yield was 71 per cent of theory.
p.-Brom Benzoyl Chloride Br - C 6H 4-C0C1
p- brom benzoyl chloride was prepared, as the others mentioned
above were, by using 15 grams of oxalyl chloride and 10 grams of
the sodium salt of the acid, with 20-30 cc . of benzene for a solvent
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After the reaction was complete and the benzene evaporated off, a
white crystalline solid remained, m.p. 43°. The m.p. given in the
literature is 43° also. The yield was 83 per cent of theory.
p - Methoxy Benzoyl Chloride CH 3 - - C 6H4 - C0C1
By the same method of preparing aromatic acid chlorides, p -
methoxy benzoyl chloride was made, using 33 grams of oxalyl chloride
and 30 grams of the sodium salt of the acid, with 30-30 cc. of
benzene as a solvent. Fifteen grams of the acid chloride was ob-
tained and purified by distillation, b.p. 363°-363° at 739 m.m.
On cooling with ice water the colorless liquid solidified to
a white crystalline solid, m.p. 31°-33°
.
The literature gives the m.p. as 33° and the b.p. 363°-333°
.
The yield was 78 per cent of theory.
m- Nitro Benzoyl Chloride N0 3 - C 6H4-C0C1
Similarly, m- nitro benzoyl chloride was made by using 10
grams of oxalyl chloride and 10 grams of the sodium salt of the
acid with 30-30 cc. of benzene as a solvent. The reaction mixture
turned a deep yellow color, due to the formation of the acid chlo-
ride, which was a yellow solid. Eight grams of the acid chloride
was obtained m.p. 35. The chloride was purified by distillation
b.p. 383°-385° at 739. The literature gives the m.p. at 35° and
the boiling point 375°-378°. The yield was 83 per cent of theory.
p.- Nitro Benzoyl chloride N0 2 - C SH4-C0C1
p.- nitro Benzoyl Chloride, a solid, was prepared, in a simi-
lar way, by using 15 grams of oxalyl chloride and 15 grams of oxalyl

39
chloride and 15 grams of the sodium salt of the acid, with 20-30 cc.
of benzene as a solvent. The reaction mixture turned a deep yellow
and gases were evolved. After filtering and distilling the benzene
13 grams of the acid chloride was obtained, m. p. 73©. It was a
yellow crystalline solid from CC1 4 . The literature gives the m. p.
as 75©. The yield was 88^ of theory.
3-5 Dinitro Benzoyl Chloride (N0 2 ) 2 = C 6H 3 - C0C1
Similarly, 3-5, dinitro benzoyl chloride was made by using
8 grams of oxalyl chloride and 10 grams of the sodium salt of the
acid. Care must be taken to add the calculated amount of NaOh to
the acid to form the sodium salt. An excess caused the solution to
color, due perhaps to a nitronic acid formation, and the yield of
the acid chloride thus decreased. In this experiment 8 grams of
the acid chloride was obtained, m. p. 74©. In the literature it is
given as 74© . The yield was 83^ of theory. The solid was reory st-
all! zed from carbon tetrachloride.
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VI
The Action of Oxalyl Bromide on Aromatic Acids to form the
Acid Anhydrides
Benzoic Anhydride (C 6H 5 CO) 2
Oxalyl Bromide was prepared by the method of St&udinger and
Anthes (Ber.
_46, p. 1425, 1913), hy passing dry HBr gas through
oxalyl chloride for 12-15 hours.
Following the directions of Adams and Wirth (loc. cit.) benzoic
anhydride was made as follows: 10 grams (2 mols) of fused benzoic
acid was put in a flask with a ground glass connection fitted to a
condenser. The acid was dissolved in 20 cc. of benzene and 9 grams
(1 mol) of oxalyl bromide added through a separatory funnel. The
reaction mixture was kept refluxing gently as the oxalyl bromide was
added. With each drop of the reagent added, there was an evolution
of gases, and after all the oxalyl bromide had been added the re-
fluxing was continued until their evolution ceased. The mixture
was then poured into a beaker and the benzene evaporated off. The
solid left was practically pure anhydride with a small amount of un-
changed acid. The acid was removed by treating with 10fo Na2C0 3
solution, and the anhydride left recry stallized from alcohol. 7
grams of the pure anhydride was obtained, ra. p. 42°, the same as
given in the literature. The yield was 70$ of theory.
O-Chlor Benzoic Anhydride (C1G 6H 4C0) 2
0-chlor benzoic anhydride was prepared in the same way by using
10 grams of the acid and 9 grams of oxalyl bromide, with 20 cc. of
benzene a3 a solvent. 6 grams of the anhydride was obtained, m. p.
/
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78-79© from alcohol. The literature gives the same melting point*
The yield was 65$ of theory,
P - Chlor Benzoic Anhydride (C1C 6H4C0)20
P-chlor benzoic anhydride was made similarly, by using 10 grams
of the aoid and 9 grams of oxalyl bromide, with 20 cc. of benzene,
as a solvent. 6 grams of the anhydride was obtained, which melted
at 192-193°, after recrystallizing from alcohol. The literature
gives the m. p. 192-193°. The yield was 65fo of theory.
P-Brom Benzoic Anhydride (BrC 6H4C0) 2
Similarly P-brom benzoic anhydride was prepared by using 10
grams of the acid and 7 grams of oxalyl bromide, with 20 cc. of ben-
zene for a solvent. 7 grams of the anhydride was obtained, which
after recrystallization from chloroform, melted at 210-211° (unc).
The literature gives the m. p. as 211-212°.
VII
The Action of Oxalyl Bromide on Aliphatic Acids to form the
Acid Bromides.
Butyryl Bromide CH 3CH 2CH2COBr
Butyryl bromide was made just as the corresponding chloride.
The reagent must be in excess. Accordingly, 36 grams (l mol) of
oxalyl bromide was put in a flask, with a ground glass connection
fitted to a condenser, and without a solvent. 15 grams (1 mol) of
the free acid was slowly dropped into the reagent f rom a separatory
funnel. Each drop of acid caused a vigorous reaction and an evol-
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ution of ga,ses. The reaction mixture was then refluxed gently for
two hours until the gases ceased coming off. The acid bromide was
then separated from the free acid by distillation in the special
distilling flask. The bromide is a colorless, fuming liquid, boil-
ing at 116-130© at 750 mm. It is given in the literature as 116-
118©
.
VIII
The Action of Oxalyl Bromide on the Sodium Salts of Aromatic
Acids to form the Acid Bromides
Phenyl Acetyl Bromide C 6H 5 CH sC0Br
It was discovered that the aromatic acid bromides could be made
with (C0Br) s , just as the aromatic acid chlorides were made with
(C0C1) 2 . The manipulations in every case were general, and were as
follows: A typical preparation was phenyl acetyl bromide. 17
grams (l mol) of the reagent in 30-30 cc. of benzene was put in a
flask with a ground glass connection fitted to a condenser. 10 gms
of the dry sodium salt of the acid was then slowly aided onto the
reagent through a side arm of the flask. At each addition of the
salt there was a rapid reaction in the cold, with an evolution of
gases. The mixture was then refluxed for two hours, after which
time the NaBr formed and the unchanged sodium salt of the acid was
filtered off by suction. The filtrate was placed in a flask and
the benzene distilled off, and finally the acid bromide purified by
distillation under reduced pressure. The acid bromide boiled at
150-155 ©, 50 mm. It was a yellow liquid with a peculiar pungent
odor, and unstable. The yield was 48<?o of theory. Carius.
0.3436 grams of substance gave 0.315 grams AgBr, calculated for

C eH 7OEr 40.1$ Br, found 38$.
Cinnamyl Bromide C 6E 5Ce = CHCOBr
Similarly, cinnamyl bromide was prepared by using 16 grams of
oxalyl bromide in 20-50 oc . of benzene and 10 grams of the sodium
salt of the acid. 9 grams of the acid bromide was obtained. It
was a yellow crystalline solid, which could be distilled under re-
duced pressure. The m. p. was 47-48© and b. p. 180-184° at 40 mm.
The yield was 73$ of theory. Carius. 0.274 grams of substnace
gave 0.2448 grams AgBr, calculated for C$ H70Br 37.95$, found 38$.
Benzoyl Bromide CgHs^OBr
Benzoyl bromide was made in the same way by using 18 grams of
oxalyl bromide in 30-30 cc. of benzene, and 10 grams of the sodium
salt of the acid. 11 grams of the acid bromide was obtained, b. p.
218-220© at 739 mm. It is given in the literature at 218-219©
.
The yield was 86$ of theory.
O-Chlor Benzoyl Bromide CKJ 6H*C0Br
Similarly, 0-chlor benzoyl bromide was prepared by using 15
grams of oxalyl bromide and 10 grams of the dry sodium salt of the
acid. 12 grams of the acid bromide was obtained. It was a color-
less, fuming liquid, which could be distilled under reduced pressure,
b. p. 143-145© at 37 mm. The yield was 73$ of theory. Carius.
0.2246 grams substance gave 0.3372 grams of AgCl and AgBr, calculated
AgCl and AgBr from C 7H40BrCl 0.3392 grams, found 0.3372 grams.
M-Chlor Benzoyl Bromide Cl-CglUCOBr
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M. Chlor benzoyl bromide was made similarly by using 15 grams
of oxalyl bromide and 10 grams of the dry sodium salt, with 20-30 cc,
of benzene as a solvent. 2o grams of the acid bromide was obtained.
It was a colorless, fuming liquid at room temperature, which could
be distilled under reduced pressure, b. p. 143-147© at 40 mm. The
yield was 60.6$ of theory. Carius. 0.356 grams substance gave
0.366 grams AgCl and AgBr, calculated AgCl and AgBr from C 7 H40BrCl
0.3694 grams, found 0.356 grams.
P-Chlor Benzoyl Bromide Cl-C 6H 4C0Br
Similarly, p-chlor benzoyl bromide was prepared by using 15
grams of oxalyl bromide in 30-30 cc. of benzene and 10 grams of the
dry sodium salt 11 grams of the acid bromide obtained. It
was a colorless, heavy liquid, which could be distilled under reduc-
ed pressure, b. p. 141-143° at 37 mm. The yield was 67$ of theory.
Carius. 0.2754 grams of substance gave 0.418 grams AgOl and AgBr,
calculated AgCl and AgBr for C 7H40BrCl 0.415 grams, found 0.418
gram s
.
O-Brom Benzoyl Bromide Br-C 6H 4 C0Br
0-brom benzoyl bromide was made, in an analogous way, by using
18 grams of oxalyl bromide in 30-30 cc . of benzene and 15 grams of
the dry sodium salt. 15 grams of the acid bromide was obtained.
It was a colorless, fuming liquid, distilled under reduced pressure.
b
The b. p. was 166-168 at 16 mm. The yield in this experiment was
83?o of theory. Carius. 0.3172 grams substance gave 0.3174 grams
AgBr, calculated for C7E40Br 2 , 60.6$ Br, found 61.8$,
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P-Brom Benzoyl Bromide Br-C 6H 4GOBr
P-brom benzoyl bromide was made similarly by using 14 grams of
oxalyl bromide in 30-30 cc. of benzene and 10 grams of the dry sodiur
salt of the acid. 9 grams of the acid bromide was obtained. It
was a colorless liquid and could be distilled under reduced pressure
b. p. 135-137© at 18 mm. The yield was 76$ of theory. Carius.
0.219 grams substance gave 0.322 grams of AgBr, calculated for
C7H 40Br, 60.6$ Br, found 62.0$,
P-Iodo Benzoyl Bromide I - C 6H4 - COBr
Similarly, p-icdo benzoyl bromide was prepared by using 10
grams of oxalyl bromide, in 20-30 cc. of benzene and 10 grams of the
dry sodium salt of the acid. 10 grams of the acid bromide was ob-
tained. It was a white crystalline solid, which after recrystall-
ization from carbon tetrachloride, melted at 54-55° . The compound
was unstable for it turned lark within two days, even when enclosed
in a sealed tube. The yield was 87$ of theory. Carius. 0.185
grams of substance gave 0.246 grams of AgBr and Agl, calculated AgBr
and Agl from C7 H 40BrI 0.249 grams, found 0.246 grams.
O-Methyl Benzoyl Bromide CH 3 - C 6h 4 - COBr
0-methyl benzoyl bromide was prepared in an analogous manner,
by using 16 grams of oxalyl bromide in 20-30 cc. of benzene and 10
grams of the dry sodium salt of the acid. 12 grams of the acid br-
omide was obtained. It was a heavy colorless liquid, with a sharp
odor, w^ich could be distilled under diminished pressure, b. p. 133-
136© at 37 mm. The yield was especially good being 95$ of theory.
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Carius. 0.2296 grams of substance gave 0.2218 grams of AgBr, cal-
culated for C 8H 7 0Br 40.2% Br, found 41.0%.
LI-Methyl Benzoyl Bromide CH 3 - C 6H4 - COBr
M. methyl "benzoyl "bromide was made by using 16 grams of oxalyl
bromide in 20-30 cc. of benzene and 10 grams of the dry sodium salt
of the acid. 11 grams of the acid bromide was obtained, making the
yield 87% of theory. The bromide was a colorless, fuming liquid,
and could be distilled under diminished pressure, b. p. 136-137© at
52 mm, Carius. 0.196 grams substance gave 0.193 grams AgBr, cal-
culated for C 8H 70Br 40.2% Er 2 , found 41.1%.
P-Methyl Benzoyl Bromide CH 3 - C 6H4 - COBr
Similarly, p-methyl benzoyl bromide was made by using 16 grams
of oxalyl bromide in 20-30 cc. of benzene and 10 grams of the dry
sodium salt of the acid. 10 grams of the acid bromide was obtained,
making the yield 80% of theory. The bromide was a colorless, heavy
liquid, which boiled at 145-149© at 42 mm. Carius. 0.2806 grams
of substance gave 0.263 grams AgBr, calculated for C 8K 70Er 402% Br,
found 40.0%.
P-Methoxy Benzoyl Bromide CH 3 - - C 6H4C0Br
P-Methoxy benzoyl bromide was made in the same way by using
15.5 grams of oxalyl bromide in 20-30 cc . of benzene and 10 grams of
the dry sodium salt of the acid. 10 grams of the acid bromide was
obtained, corresponding to a 70% yield. It was a colorless, heavy
liquid, and very unstable, hydrolizing rapidly in the air. The
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bromide boiled at 183-186© at 2? mm. Cariue. 0.231 grams of sub-
stance gave 0.30 56 grams of AgBr, calculated for C 8H 7 2Br, 37.3% Br,
found 37.6$.
M-Nitro Benzoyl Bromide N0 2 - C 6H4C0Br
M-nitro benzoyl bromide was prepared similarly, by using 14
grams of oxalyl bromide in 30-30 cc, of benzene and 10 grams of the
sodium salt of the acid. 6 grams of the acid bromide was obtained,
which made a 50% yield. The bromide was a yellow crystalline solid,
from carbon tetrachloride, m. p. 43-43©. However, the acid bromide
could be distilled under diminished pressure, boiling at 165-167° at
18 mm. It condensed as a yellow liquid, solidifying in the receivei
almost immediately. Carius. 0.2363 grams of substance gave 0.3016
grams of AgBr, calculated for C 7H4 3NBr 34.8% Br, found 36.2%.
P-Nitro Benzoyl Bromide N0 2 - C 6H4-C0Er
This acid bromide was made similarly by U3ing 14 grams of
oxalyl bromide in 30-30 cc. of benzene and 10 grams of the sodium
salt of the acid. 10 grams of the acid bromide was obtained, making
the yield 82% of theory. The bromide is a yellow crystalline solid
from carbon tetrachloride, m. p. 63-64© (unc) . Carius. 0.2456
grams substance gave 0.2048 grams of AgBr, calculated for C 7H4 3NBr
34.8% Br, found 35.01%.
3-5 Dinitro Benzoyl Bromide (uo s ) 2= C 6H 3-C0Br
The acid bromide was made by using 12 grams of oxalyl bromide
in 20-30 cc. of benzene and 10 grams of the dry sodium salt. 11
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grams of the bromide was obtained, making the yield 94$ of theory.
It was a yellow crystalline solid from carbon tetrachloride, m. p.
59-60© (unc) . Carius. 0.213 grams substance gave 0.1474 grams of
AgEr, calculated for C 7H 3 5Nr 29.3$ Er, found 29.6$.
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Table II
Physical Constant of new Aromatic Acid Bromides Preparedt
The Temperatures are Uncorrected.
1. Phenyl Acetyl Bromide
M.P. B.
150-155©
P.
at 50 mm
.
2. Cinnamyl Bromide 47-4So 180-184© at 40 mm.
3. O-Chlor Benzoyl Bromide 143-145© at 37 mm
4. M.-Chlor Benzoyl Bromide 143-147© at 40 mm.
5. P-Chlor Benzoyl Bromide 141-143© at 27 mm.
6. O-Brom Benzoyl Bromide 166-168© at 18 mm •
7. P-Brom Benzoyl Bromide 134-137© at 18 mm.
S. P-Iodo Benzoyl Bromide 54-55©
9. O-Methyl Benzoyl Bromide 133-136© at 37 mm
10. M.-Methyl Benzoyl Bromide 136-137© at 52 mm.
11. P-Methyl Benzoyl Bromide 145-149© at 42 mm.
12. P-Methoxy Benzoyl Bromide 183-186© at 27 mm.
13. M-Nitro Benzoyl Bromide 42-43© 165-167© at 18 mm.
14. P-Nitro Benzoyl Bromide 63-64©
15. 3 - 5 Dinitro Benzoyl Bromide 59 -60©
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S U M M A R Y
The results of this research have established the following:
1. That oxalyl chloride may be recommended as a good reagent
for the Beckmann rearrangements, both for speed of the reaction and
purity of the product obtained.
2. That the use of oxalyl chloride give3 a comparatively
simple manner in which to prepare inorganic chlorides from inorganic
oxides.
3. That aliphatic acid anhydrides may be prepared with 50-70$
yields, by treating 2 mols of the free acid with 1 mol of oxalyl
chloride
.
4. That aliphatic acid chlorides may be prepared with from
60-80$ yields, by treating 1 mol of oxalyl chloride with 1 mol of the
free acids.
5. That aromatic acid chlorides may be prepared with from
70-85$ yields, by treating 1 mol of oxalyl chloride with 1 mol of the
sodium salt of the acid.
6. That oxalyl bromide is ^ust as good a reagent to prepare
aromatic acid anhydrides as oxalyl chloride.
7. That aliphatic acid bromides may be prepared conveniently
and with good yields by treating 1 mol of oxalyl bromide with 1 mol
of the free acid.
8. And finally that aromatic acid bromides, only one of which
has been made, can be prepared conveniently and easily with from 70-
85$ yields, by treating 1 mol of oxalyl bromide with 1 mol of the
sodium salt of the acid.
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The writer wishes, at this ti&e, to express his
appreciation for the invaluable assistance of Dr.
Roger Adams, under whose direction this research
was done
•

43
BIBLIOGRAPHY
1. Berichte, 27, 360, 1694,
2* Berichte, 24, 35, 1916.
3. Journal American Chemical Society, 36, 1914.
4. Proceedings of the National Aoadamy of Science, 1, 203, 1915.
5. Centralblatt, 2, 1178, 1905.
6. Journal American Chemical Society, XL, 2, Feb., 1918.
7. ( loc. cit . )
.
8. Berichte, 41, 3558-66, 1908.
9. Berichte, 46, 1425, 1913,


V
